Abstract: High yielding syntheses of mercapto terminated monodisperse dimer, trimer, and tetramer ethyleneoxide oligomers and of p-hydroxyphenethyl thiol via an alcohol-tosylate-thiol route are reported. Comparisons are made with the more conventional alcoholbromide-thiol route.
The synthesis of nonionic hydrophilic alkylthiol surfactants provides very important source materials used in self-assembled films on gold surfaces 1 in stabilizing metal nanoclusters 2 and in self-assembled architectures of metal clusters. 3 These materials are finding applications in biotechnology 4 and chemical sensing. 5 Of particular importance is the preparation of hydrophilic alkanethiol ligand molecules that will impart water solubility or strong hydrophilic character coupled with charge neutrality to a metal nanocluster. 6 In undertaking the preparation of two such classes of thiols from the corresponding alcohols, it was found that the routine method of converting simple alkylalcohols to alkylthiols by way of the bromide intermediate was not readily practical. This note describes a simple high yield alternate route to thiol terminated ethylene oxide dimer, trimer, and tetramers and to mercaptoalkyl phenols from the corresponding hydroxyl precursors.
Routes for preparation of the thiol terminated ethylene oxide oligomers are depicted in Scheme 1. Following the upper route, neither the bromide intermediate nor the thiol product could be obtained in high yield, and, in both instances, the byproducts resulted in difficult separations. In the first step for the case of n = 2, a distillable crude product yield of 50% was obtained as a mixture of the bromide intermediate with two byproducts at a GC determined ratio of 8:3:1. One by-product was separated by a tedious fractional column distillation and the other by column chromatography which provided the bromide 2a in an isolated yield of 19%. In the second step a distillable crude product of 71% was obtained as a mixture of thiol with one byproduct at a ratio of 9:1. Fractional vacuum distillation isolated the thiol 4a in 56% yield providing an overall yield of 11% for the two steps. There are many examples for the preparation of simple alkanethiols where following the route through the bromide intermediate has produced excellent yields. However, with regard to the thiols synthesized in this work, the oxyethylene moiety in close proximity to the terminal hydroxyl apparently contributes to byproduct formation. Following the lower route in Scheme 1, both the tosylate intermediate and the thiol product were isolated in excellent yields with no detectable byproducts and nominal purification efforts. Again for the case of n = 2, the tosylate 3a was isolated in 86% yield by simple extraction and solvent evaporation as a colorless liquid without a spectroscopically detectable impurity. The thiol product 4a was isolated in 91% yield by vacuum distillation as a colorless liquid without GC or spectroscopically detectable byproduct giving an overall yield of 78%. A similar method resulted in the isolation of 4b and 4c with respective overall yields of 54 and 56%. yielded none of the desired product. However, the alcohol functional group was selectively tosylated and subsequently converted to the thiol using thiourea as the sulfur nucleophile. No reaction and byproduct formation was observed to occur with the phenolic functional group. This selectivity is dependent on using a 1:1 tosylchloride:4-hydroxyphenethyl alcohol stoichiometry with pyridine as solvent.
In compendiums of general methods for preparation of thiols, 10 there are few examples of the alcohol-tosylatethiol route and none employing thiourea as the nucleophile to generate the thiol in the second step. Sulfur nucleophiles used include sodium thioacetate, 11 potassium thiocyanate 12 and sodium trithiocarbonate. 13 Thiourea is a more facile reagent to employ and appears to provide equivalent or better yields. In a recent report, a closely related thioglycol was prepared in three steps by conversions of hydroxyl to tosylate to bromide to thiol in 13% overall yield. 14 This alternate synthesis involved an additional intermediate, and the sulfur nucleophile used, Na 2 S 2 O 3 , is associated with the lower yield. 15 We attempted to demonstrate a general utility of this alcohol-tosylate-thiol route using simple aliphatic alcohols for a transformation to alkanethiols. For reasons not yet understood, the tosylate derivatives did not transform to the thiol, and these experiments were unsuccessful. The applicability of the method reported here is apparently limited to the preparation of hydrophilic thiols. 
1-Bromo-3,6-dioxoheptane (2a)
A 3-neck 50 mL flask reaction flask was fitted with a dropping funnel, thermometer, nitrogen inlet and purged with anhyd nitrogen. The flask was charged with 1a (19.17 mL, 176 mmol), and PBr 3 (5.51 mL, 58.6 mmol) was added dropwise with stirring over a 1 h while maintaining a -15 °C to -20°C temperature. The reaction was stirred for 3 additional hours at 0°C. The reaction mixture was slowly added to H 2 O (80 mL) and neutralized by addition of 10% NaHCO 3 . The organic phase was separated and the aqueous phase extracted with Et 2 O (3 × 60 mL) and with CH 2 Cl 2 (3 × 60 mL). The organic phases were combined, dried over Na 2 SO 4 and concentrated to dryness to yield 10.13 g liquid with GC analysis as an 8:3:1 mixture. This mixture was distilled through a 13.0 cm Vigreux column (90-95°C/27mm) to yield 7.31 g liquid with GC analysis as a 5 
1-(p-Tolylsulfonyl)-3,6-dioxoheptane (3a)
A 3-neck 100 mL reaction flask was fitted with a dropping funnel, thermometer, nitrogen inlet and purged with anhyd nitrogen. Solutions of NaOH (2.28 g, 57 mmol) in distilled H 2 O (12 mL) and 1a (4.806 g, 40.0 mmol) in THF (10 mL) were introduced to the reaction flask and cooled to 3°C with rapid stirring. A soln of p-toluenesulfonyl chloride (7.24 g, 30.0 mmol) in THF (10 mL) was transferred to the dropping funnel and added over a 15 min period while maintaining a 3 to 10°C temperature. The reaction was stirred with 0°C cooling for 4 h. The reaction mixture was extracted with Et 2 O (20 mL) followed by Et 2 O (3 × 10 mL) extractions of the aqueous phase. The combined extracts were back extracted with H 2 O (3 × 50 mL) until neutral followed by drying over Na 2 SO 4 , rotary evaporation (no heating) and vacuum drying to yield 3a (8.96 g, 86%) as a colorless liquid. 1 
1-(p-Tolylsulfonyl)-3,6,9-trioxodecane (3b)
A 3-neck 100 mL reaction flask was fitted with a dropping funnel and nitrogen inlet, and purged with anhyd nitrogen. Solutions of NaOH (1.43 g, 36 mmol) in distilled H 2 O (5 mL) and 1b (3.3164 g, 20.1 mmol) in THF (5 mL) were introduced to the reaction flask and cooled to 3°C with rapid stirring. A soln of p-toluenesulfonyl chloride (3.8282 g, 20.1 mmol) in THF (6 mL) was transferred to the dropping funnel and added over a 15 min period while maintaining the temperature between 3-10°C. The reaction was then allowed to slowly warm to r.t. while stirring for 12 h. The reaction mixture was extracted with Et 2 O (10 mL) followed by additional Et 2 O (2 × 5 mL) extractions of the aqueous phase. The combined extracts were back extracted with H 2 O (3 × 25 mL) until the pH of the extracts was neutral, followed by drying over MgSO 4 and rotary evaporation (no heating) to yield 3b (5.3958 g, 85%) as a colorless liquid. 1 
1-(p-Tolylsulfonyl)-3,6,9,12-tetraoxotridecane (3c)
A procedure identical to that described above for 3b was utilized, using NaOH (1.4623 g, 36.6 mmol), 1c (4.1662 g, 20.0 mmol), and p-toluenesulfonyl chloride (3.8228 g, 20.1 mmol). 3c (5.9003 g, 81%) was obtained as a light yellow oil,. 1 
1-Mercapto-3,6-dioxoheptane (4a)
To a 15 mL reaction flask were added 3a (1.50 g, 5.47 mmol), anhyd EtOH (3.0 mL), thiourea (0.42 g 5.52 mmol) and distilled H 2 O (0.22 g). The flask was fitted with a condenser and nitrogen inlet, and the reaction mixture was refluxed for 3 h. A soln of NaOH (0.30 g, 7.5 mmol) in distilled H 2 O (3.75 mL) was added, and the mixture was refluxed for 3.75 h. The reaction mixture was concentrated to 2 mL, diluted with distilled H 2 O (4 mL), neutralized with concd HCl, extracted with CH 2 Cl 2 (2 × 5 mL), dried over Na 2 SO 4 , evaporated to dryness and distilled (75°C/12 mm) to yield 4a (0.52 g, 91%) as a colorless liquid. 1 Mercapto-3,6,9-trioxodecane (4b) To a 50 mL reaction flask were added 3b (5.3958 g, 17.0 mmol), anhyd EtOH (10 mL), thiourea (1.2908 g, 17.0 mmol) and distilled H 2 O (7.0 mL). The flask was fitted with a condenser and nitrogen inlet, and the reaction mixture was refluxed for 3 h. A soln of NaOH (0.8175 g, 20.4 mmol) in distilled H 2 O (5.0 mL) was added, and reflux continued for 1.75 h. The reaction mixture was concentrated to approximately 10 mL, diluted with distilled H 2 O (5 mL), neutralized with concd HCl, and extracted with CH 2 Cl 2 (3 × 5 mL). The soln was dried over MgSO 4 , evaporated to dryness and distilled (50°C/1 mm) to yield 4b (1.9540 g, 64%) as a colorless liquid. 
1-

1-Mercapto-3,6,9,12-tetraoxotridecane (4c)
A procedure identical to that described above for 4b was utilized, using 3c (5. 
1,8-Dimercapto-3,6-dioxooctane (5)
The 1,8-bis(p-tolylsulfonyl)-3,6-dioxooctane precursor was prepared by reacting a soln of NaOH (3.80 g, 94.9 mmol) in H 2 O (12 mL) and triethylene glycol (5.00 g, 33.3 mmol) in THF (10 mL) with a soln of p-toluenesulfonyl chloride (12.1 g, 63.3 mmol) in THF (12 mL) by procedure identical to that for 3a. Much of the product precipitated as a crystalline solid. This portion of the product was washed with Et 2 O (10 mL) and vacuum dried to yield the ditosylate (9.87 g). The aq reaction mixture was then extracted with Et 2 O (2 × 10 mL), which yielded an additional 1.01 g (71% 
1-Mercapto-2-(4-hydroxyphenyl)ethane (9)
A soln of 8 (14.6 g, 50.0 mmol), thiourea (3.84 g, 50.0 mmol) and H 2 O (1.8 g) in anhyd EtOH (25 mL) was introduced into a 250 mL reaction flask fitted with a condenser and nitrogen inlet and refluxed for 3 h. A soln of NaOH (2.74 g) in H 2 O (25 mL) was added, and reflux continued for 2.5 h. This reaction mixture was concentrated to approximately 35 mL volume at reduced pressure, added to H 2 O (100 mL), adjusted to neutral pH by dropwise addition of 10% HCl and an oil separated. This mixture was extracted with CH 2 Cl 2 (3 × 50 mL), and the combined extracts back extracted with H 2 O (2 × 50 mL), dried over Na 2 SO 4 , filtered and concentrated to dryness to yield a yellow oil which was vacuum distilled (125°C/ ca1mm) to yield 9 (6.15 g, 80%) as a colorless product. 
